ABSTRACT. Bacillus amyloliquefaciens DS11 phytase (DS11 phytase) and Aspergillus ficuum phytase (AF phytase) activities were investigated by measuring the release of phosphate from phytate in animal feedstuff such as wheat bran, corn meal, soybean meal and rice flour at pH 5 and 7. In all the tested feedstuff, the enzymatic activity of DS11 phytase was more active at pH 7, but that of AF phytase was more active at pH 5. From these results, the phytate in the gastrointestinal tract could be degraded in the small intestine or stomach by DS11 or AF phytase, respectively. In conclusion, the results presented in this paper indicated that different combination ratios of DS11 and AF phytase, depending on the kind of feedstuff, might effectively induce more enzymatic activity both in the stomach and small intestine in terms of the pH of the gastrointestinal tract.-KEY WORDS: fermentation, phytase, phytate.
MgSO 4 ·7H 2 O, 1% casein hydrolysate, 0.05% KCl, 0.001% FeSO 4 ·7H 2 O and 0.01% MnSO 4 ·4H 2 O. After fermentation, the culture supernatant was taken from the culture broth by centrifugation and assayed for phytase activity.
Phytase activity was assayed by measuring the rate increase of inorganic orthophosphate (Pi), using the ascorbic acid method of Fiske and Subbarow [1] . A reaction mixture containing 100 µl DS11 or AF phytase preparation and 400 µl of 2 mM sodium phytate in 0.1 M Tris-HCl buffer (pH 7.0) containing 2 mM CaCl 2 or 0.1 M sodium acetate buffer (pH 5.0) was incubated at 37°C for 30 min. The reaction was stopped by adding 500 µl of 15% trichloroacetic acid. The released inorganic phosphate was measured at A 820 nm by incubating with 4 ml of reagent A (1:1:1:2 ratio of 6 N H 2 SO 4 /2.5% ammonium molybdic acid/10% ascorbic acid/ H 2 O) at 37°C for 30 min. One unit (U) of DS11 and AF phytase activity was defined as the amount of enzyme required to release one mole of phosphate per min under the assay condition.
Ten grams each of finely ground grains of wheat bran, soybean meal, rice flour and corn meal were used as substrates. Each substrate was suspended in 100 ml of 0.1 M Tris-HCl (pH 7) and 0.1 M sodium acetate buffer (pH 5), and both phytases were added to the substrate at a dose rate of 50 U/ml. The reaction was carried out at the temperature of 37°C for 300 min in a waterbath. The phosphate and phytic acid levels were measured in each sample taken at 0, 10, 20, 30, 60, 120, 180 and 300 min after the reaction had started. Phytic acid was extracted with 3% TCA at 30°C for 4 hr and assayed by the method of Wolfgang and Lantzsch [12] , which is based on the decrease level of iron. By adding 25 mg of sodium phytate (Sigma) per 5 g of grains at the very beginning of the extraction procedure, the recovery rates of phytic acid from various grains were determined.
B. amyloliquefaciens DS11 producing a thermostable DS11 phytase was isolated from the soil of a Korean cattle shed. An extracelluar DS11 phytase from the bacterium was purified and biochemically characterized [5, 6] The availability of phosphorus in most animal feedstuff of plant origin is quite low due to phytic acid, which does not get digested by the endogenous enzymes in monogastric animals. Phytic acid (inositolhexaphosphoric acid) is a sixcarbon inositol ring compound with six phosphate group and is the major phosphate storage compound in the seeds of higher plants such as cereals and legumes [7] . Undigested phytate remains in manure, which can pose a serious phosphorus pollution problem, contributing to the eutrophication of surface waters in some areas of the world. To partially resolve the problem of phosphorus pollution, many researchers have suggested introducing to animal feedstuff various different phytases and among these phytases, Bacillus amyloliquefaciens (DS11 phytase) and Aspergillus ficuum phytase (AF phytase) are potential enzymes because of their enzymatic characteristics, feasibility of mass production for market, and applicability into animal feedstuff [2, 5, 6] .
The efficacy of these phytases in animals will depend to some extent on the site of enzymatic hydrolysis and on the various feedstuff used widely in the various species. Hence, the enzymatic activities of the phytases mixed with animal feedstuff should be investigated with respect to the gastric and intestinal pH of animals known hydrolysis sites of phytate [4] with various animal feedstuff. Therefore, the purpose of this study was to investigate in vitro the enzymatic activity of DS11 and AF phytase at different physiological pHs with animal feedstuff by measuring phytate-hydrolysis and phosphate-increase.
AF phytase was purchased from Sigma and DS11 phytase was prepared from fermenting B. amyloliquefaciens DS11. To obtain DS11 phytase, the strain was fermented in 5 l fermenter at 37°C for 16 hr. The phytase production medium consisted of 6% wheat bran, 0.04% NH 4 NO 3 , 0.02% Interestingly, DS11 phytase and AF phytase have optimum pHs of 7 and 5, respectively [2, 5, 6] . Although many studies have been performed on the enzymatic activity using phytic acid as the substrate, no studies have been performed on the hydrolysis of phytate in animal feedstuff. Therefore, the aim of the present study was to investigate the production of phosphate from phytate in animal feedstuff.
Phytate was extracted from wheat bran, soybean meal, rice flour and corn meal using 3% TCA. The extracted phytate was used to determine the presence of phytate phosphorus by estimating the endogeneous iron, which precipitates phytate during acid extraction [10] . The mean recovery rates of added phytate in this study were 78% in wheat bran, 91% soybean meal, 85% rice flour and 76% corn meal.
It is known that the pH of the animal gastrointestinal tract ranges form 1.5 to 8; however, the pH range in the stomach change from 4 to 5 in the presence of food. Thus, the activity of DS11 and AF phytase at pH 5 and 7 may have a crucial clinical importance. The changes of phosphate and phytate in animal feedstuff such as wheat bran, soybean meal, rice flour, and corn meal were simultaneously measured with DS11 and AF phytase at pH 5 and 7 for 300 min, and the data are presented in Fig. 1 to Fig. 4 .
As shown in Fig. 1 to Fig. 4 , DS11 phytase at pH 7 (at pH 5) resulted in increased phosphate released from wheat bran, soybean meal, rice flour and corn meal, with 8.43 (1.27), 3.98 (0.07), 11.31 (0.25), and 2.45 (0.01) mmole/l, respectively. The rate of phosphate released from the phytate of wheat bran, soybean meal, rice flour and corn meal was calculated as 0.028 (0.0023), 0.013 (0.0065), 0.038 (0.0017) and 0.0082 (0.0007) mmole/l/min. The rate of phosphate production from wheat bran and rice flour was higher than that of soybean meal and corn meal at pH 7, but not at pH 5. The enzymatic efficacy of DS11 phytase shown in this study was about 11.91, 2.03, 22.18 and 12.25 times greater in wheat bran, soybean meal, rice flour and corn meal at pH 7, than at pH 5. A decrease of phytate was observed in proportion to phosphate increase at pH 7 in the tested feedstuff. We observed that DS11 phytase had greater enzymatic activity in wheat bran and rice flour than soybean meal and corn meal at pH 7.
In contrast to DS11 phytase, enzymatic activities of AF phytase were greater at pH 5 and 7 in all the tested feedstuff. The rate of phosphate increase in wheat bran, soybean meal, rice flour and corn meal was 0.038, 0.029, 0.0042 and 0.024 mmole/l/min at pH 5, respectively. The phosphate release from wheat bran, soybean meal, rice flour and corn meal was 9.06, 123.29, 5.00 and 121.33 times higher at pH 5, than at pH 7. The results of our investigation show that AF phytase could well hydrolyze phytate of soybean meal and corn meal at pH 5, and that the two phytases clearly showed different activities due to the differences in the pH and the kinds of the feedstuff.
Jongbloed and Kemme [4] reported that the breakdown of phytic acid took place mainly in the stomach. However, Fig. 1 Sandberg et al. [8] reported that 35-45% and 66% of phytate was degraded in the stomach and small intestine, respectively. Taking into consideration these results and those of present study, the degradation of phytate by DS11 and AF phytase could be the results of enzymatic hydrolysis occurring in the small intestine or stomach. AF phytase, mixed with animal feedstuff and fed to animals, enzymatically hydrolyzes phytate mainly in the stomach due to its greater activity at a lower pH [3, 9, 10] . However, the enzymatic action of DS11 phytase could also occur in the small intestine due to its greater activity at a higher pH [9, 11] .
In conclusion, we suggest that a combination of DS11 and AF phytases might induce a more effective hydrolysis of phytate in both the stomach and small intestine of animals in terms of the pH of animal gastrointestinal tract, and the different combination ratios of both phytases should be considered depending on the kind of animal feedstuff.
